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Information not transferred to some sentient recipient is of no
particular value, at least of no direct concern to us in this clinic. A library
is in simplest terms merely a warehouse for information, albeit information in
a very particular form: in recorded form. Our concern at this clinic is with
methods of delivering information to a user or, more accurately, information
about the information contained in the warehouse. Information can only be
transmitted by effecting a modulation in some medium. These modulations
can be divided into two classes: those which are primarily temporal, and those
which are primarily spatial. As with any such simple model, the distinctions
are never so clear in practice. Nonetheless, we can speak of temporally
modulated messages as short-duration messages (e.g., sound waves carrying
language, or light waves carrying images), while printed information might be
thought of as spatial modulations used to encode characters on some
medium. It should be obvious that long-duration messages must be
transduced into short-duration messages before they can be received by a
human. The advantages of long-duration messages are obvious: the activity
necessary to synthesize new information from primitive elements must be
performed only once; the products of this synthesis can be delivered to many
users separated in space and time from each other and from the author; and
furthermore, users can choose to accept the information when they are ready
to do so. While long-duration messages permit efficient and economical
distribution of information, this advantage is decreasing as a result of
advances in computers.
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In many library applications, a computer serves merely to convert one
particular kind of long-duration information into a form more easily
converted into short-duration messages for human consumption. The actual
process, of course, might involve several intermediate transformations into
long- and short-duration messages. Computer processing speeds have tended
to blur these distinctions. Consider, for instance, the CRT display. Such a
display does indeed make use of spatial modulation in producing its
messages; however, because of the medium upon which the spatial
modulation is effected, it must be refreshed every thirty milliseconds, thus
introducing elements of temporality. Because of the virtually infinite
reusability of the medium, messages can moreover be produced for time
periods much shorter than those normally associated with a spatially
modulated form. This naturally gives rise to the possibility of interactive
query. Because of the remarkable speed with which long-duration
information can be encoded (data entry) and displayed (data access), and the
virtually infinitesimal time delay between encoding and access, another
dimension to the information transfer process is added currency of
information.
There is no question about the importance or sophistication of on-line
CRT systems. The principal drawback is simply their cost. In judging their
value one must carefully analyze the use to which they are put; for example,
the value of the searcher's time must be quantified, as must the value of the
immediacy of the data. This analysis is often extremely complex. One must
necessarily include in these considerations the expected time a potential user
must wait for access to the relatively expensive resources (terminals,
transmission lines, CPU, etc.) required to make use of such facilities. Such
analyses, in many cases, need no longer be reduced to first principles.
Observation of the results of experiments carried out in similar situations can
greatly simplify this process.
In most cases in which interactive systems are in wide use, the results are
generally favorable. The value of enhanced service and the diminution of
other easily quantified costs justify the cost ofthese systems. This, ofcourse, is
very similar to demonstrations of the validity of hypotheses in theories of
evolution if they weren't valid, the species under discussion wouldn't be
there: ergo, quod erat demonstrandum.
Let us quickly review some of the elements which go into determining the
cost of an on-line system. For the duration of activity a user must have
access to: the terminal display station (costs about $4,000 to purchase, plus
$50/month for maintenance), telephone line (about $1 /month/ mile),
computer with peripheral devices to support the telecommunications system
(about $25,000/ month depending on configuration), and direct access
auxiliary storage (about $10,000/ month for two million records).
With the exception of the display stations, each of these facilities can
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generally serve several users with the appearance of simultaneity. Shared
facilities might accommodate from 50 users on a telephone line to 500 users
sharing a computer system. The illusion of simultaneity is generally quite
successful until response time becomes appreciable. Nonetheless, the ability
of modern computer systems to multiplex large numbers of users has tended
to make them cost-justifiable despite the costs involved sounding astronomic.
Although costs are relatively high today, they are showing a marked tendency
to decrease. For example, the sort of terminal necessary for library cataloging
cost about $7,000 in 1972; an improved model now costs about $4,000.
Additionally, intense competition among data communication services is
rapidly lowering the cost of data transmission.
Nonetheless, I would like to devote the remainder of this discussion to a
consideration of the more traditional, relatively static, spatially modulated
forms of information display as provided by print technology. The various
forms of print technology have been, and still are, characterized by a
significantly lower basic price for carrying long-duration messages. They
suffer from an inability to provide rapid and interactive access to, and
currency or immediacy of, data. The rapidly decreasing costs for various
types of "printed" products are providing the means for ameliorating these
drawbacks to some extent. Declining costs, of course, cannot themselves
provide such direct assistance for the problem of rapid access. However,
indexing techniques are helping in some media to solve them; we shall return
to this point later. Currency of printed information can, of course, be
improved by more frequently producing the publication containing it.
As we know, only a small.fraction of a library collection is consulted by
users in any given brief span of time. The same is true of a printed catalog or,
for that matter, of any list. The problem in both cases is that no one can
predict which items will be sought by a user at some time in the future. Thus,
the printed list, like a research library collection, attempts within limits topre-
respond to all requests which might be lodged against it. This is the generic
problem plaguing all extremely long-duration information; because it is
produced, or acquired, only once, it must be kept available in case it is needed.
If we are to derive the maximum advantage from long-duration
information, it must satisfy a large number of users. Because of the
unpredictable nature of a potential user's information requirements,
information encoded in long-duration form must attempt to pre-answer as
many queries as possible. As a natural corollary, the larger the number of
questions one attempts to pre-answer, the larger the number ofanswers which
satisfy no query lodged against them; thus, the greater the waste margin. The
necessity for a large waste margin is an inescapable characteristic of any
information system that relies on recorded information; this is observed in all
studies of collection usage, and has been highlighted again by statistics on the
use of MARC records. Few institutions find any need for even 30 percent of
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the records distributed by the Library of Congress (LC); in fact, the Ohio
College Library Center's (OCLC) experience, in which a large number of
libraries attempt to utilize MARC, has shown that about one-half of all LC
MARC records remain unused. The expense of providing a waste margin
imposes a constraint on the level of service a system can provide. In the case of
library collections, we try to limit the waste margin by exercising a policy of
collection development. In a card catalog we limit the number of added
entries because of the expense of producing and filing additional cards. In a
book-form catalog produced by automated methods, the constraints are
considerably less severe, but nonetheless present.
Because several media are suitable for recording cataloging information,
we can seek one which minimizes the constraints it imposes. Let me apologize
for a certain looseness in the use ofthe term media. A computer-based system,
regardless of the medium chosen for display of information, is itself a
medium. The display medium may in some cases impose constraints on the
total system, with the effect of preventing data processing technology from
being used to its full potential. For example, a computer can easily completely
reorganize a catalog, but if the display medium consists of printed 3 X 5-inch
cards we cannot easily make use of this facility, because the changes are not
automatically reflected in the manual catalog. An on-line system, on the other
hand, makes the results of additions to (or reorganization of) the catalog
directly available to users.
Book-form catalogs have a similar capability for making the results of a
catalog's reorganization easily available to users. The schedule chosen for
publication, however, can limit the effectiveness of rapid reorganization to
the user. For instance, if a book-form catalog is published as a complete
cumulation each time, then all of the changes are available to the user at the
time of publication. The drawback is that the user must wait for the next
publication period. On the other hand, a catalog published as a cumulation
plus supplements necessarily implies both several look-ups and the presence
of both the old form in a cumulation and the changed form in a supplement
until a new cumulation is issued. A catalog published as cumulation plus
supplements, being cheaper than one published as complete cumulations, can
be published more frequently. In this way new information can be delivered to
the user with greater frequency, improving the timeliness of the catalog.
Supplements to a printed catalog can be in various forms: they can be
cumulative, embodying all actions taken since the last issuance of a
cumulation, or they can be chronological, representing only those actions
taken since the last supplement. The advantages and disadvantages of each
are obvious. Cumulative supplements limit the number of alphabets which
must be consulted, but are more costly than chronological supplements.
Cumulative supplements tend to grow linearly; that is, the second will be
twice as large as the first, the third three times as large, etc. Thus, ifwe assume
THE ECONOMICS OF COMPUTER OUTPUT MEDIA 149
an input rate /?, the total cost for n supplements will be proportional to
n(n+l)R. That is, the total cost depends on the square of the number of
supplements. Here the constant of proportionality depends on the cost of
printing an item. Therefore, the costs associated with a particular printed
medium can be instrumental in influencing a decision regarding the suitability
of a publication scheme.
In this simple exercise we have noted the effect that the choice of output
medium can have on the fulfillment of service goals. We have considered only
the number of independent look-ups required of a user and the timeliness of
the information. Another factor that determines the cost of printing is the
number of access points provided. More access points generally improve the
service, although too many access points can be self-defeating because the size
and complexity of the listing may discourage users.
Nonetheless, our concern is only with the constraints caused by the
medium and how they may be relaxed. Thus, if we have an inexpensive form
in which to produce a list, we can approach the functional limit of added
access points. Here again we should note the importance of the underlying
medium (computer storage) in making such a choice. If the data were not in
machine-readable and hence machine-manipulable form, the cost of creating
the alternate access points would greatly overshadow the cost of the display
medium. Often, automated systems can provide alternate access points with
little effort, because the computer can be programmed to analyze the data and
provide them automatically. Examples of simple machine-generated
alternate access are seen in KWIC and KWOC indexes. KWIC indexes tend
to produce a great many entries, too many to print economically in most
applications. They are consequently not provided, not because of computer
limitations in producing them or their value to users, but simply because of
the cost of the resulting display. An inexpensive medium could easily reverse
these considerations. Such a list could help, for example, to ameliorate the
problems caused by arcane forms of entry. The University of California at
Berkeley, for instance, produces KWIC indexes to the California university
union list of serials. They can afford to do so because the list is produced by
computer, and on microfiche.
Thus, we should see by now that the economics of output media can
generally influence more than an institution's budget. Economic
considerations usually impose explicit or implicit constraints on the service
one can provide. In the case of printed media, at least, we do have many
interesting options from which to choose, some of which can dramatically
relax the economic constraints. We can, of course, adopt one of them simply
to lower costs. The real promise, however, lies in lowering costs while
simultaneously increasing service. For the remainder of this discussion we
shall concentrate only on the cost of producing a specified output product.
Potential service enhancements will be left to your own creativity and
750 1976 CLINIC ON A PPLICA TIONS OF DA TA PROCESSING
imagination indeed, some very fertile suggestions have already been put
forward by the other speakers.
Let us begin by reviewing some of the traditional options available for
printed output. The simplest and most fundamental, when dealing with a
computer-based system, is high-speed line printer output. Two basic
components determine its cost: (1) the cost of the computer time needed to
print the list, and (2) the cost of the forms on which it is printed. The cost of
extracting a list from a data base is generally independent of output medium,
hence we can ignore it in further considerations. First, some basic figures
should be noted. Single-ply paper costs about $9. 10/M sheets. All upper-case
printing can be done at about 1 100 lines/ minute; upper-lower-case printing
cuts this rate to about 550 lines/ minute; and diacritics can further reduce
printing speed to approximately 300 lines/ minute. The reduction of speed in
the latter case is the result of two factors: (1) the American Library
Association (ALA) print train, adopted as a library standard, contains the
complete range of characters found necessary for the representation of
bibliographic data (169 characters). Because of the presence of so many
unique graphics, it does not permit common characters to be repeated as
often as on simpler trains. Printing time is consequently increased; (2) the
print train utilizes floating diacritics, i.e. diacritics (e.g., umlaut, accent
grave) appear as single independent graphics. In order to produce a, 6, or u,
one first prints the alphabetic character and then overprints the diacritic. The
figure of 300 lines/ minute represents only what we have found at the New
York Public Library (NYPL) for our printed lists of bibliographic data, with
our mixture of languages; slightly more than one-half of our material is not in
English.
High-speed printer output is certainly the most economical way of
producing a single copy of a listing, but that's the catch a single copy. As
mentioned above, long-duration information is generally economical to
produce only when it can serve many users. Thus, the real problem is to find
an economical method to produce printed information in multiple copies.
The crudest method of creating several copies of a printed report is to print it
several times by rerunning the program. This is patently ludicrous, especially
if the list is large and a significant number of copies are required. There are
less costly options, such as creating a print-image tape and reprinting the list
from it. The most popular method of producing limited numbers of copies of
lists is to use special line-printer forms which have carbon paper or "no-
carbon" paper to transfer the image imprinted on the first copy to other
copies. Four-ply paper costs approximately S36.50/M sheets, or slightly
more than four times the cost of single-ply paper. Larger numbers of copies
can be produced in this way. Eight-ply paper can be ordered as a special item
from most paper vendors, although the legibility limit seems to be reached at
the fourth carbon copy, with the fourth copy only marginally usable. When
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this technique is economically justified, it is common to combine the use of
multi-ply paper with reprinting the list. Aside from considerations of
legibility, there are other problems and hidden costs associated with this
technique. First, the multi-part listing must be decollated. This necessitates a
decollating machine and personnel to oversee the operation of this machine.
Second, a box of four-ply paper generally contains 750 individual pages,
compared to 3700 pages in a box of single-ply paper. This means that
computer operators will need to make form changes about five times as often,
and the computer partition assigned to the printing task must remain idle
while this is being done. Third, special forms must be stored and ordered; if
not treated as a cost consideration, this is certainly an ingredient in maintain-
ing amicable relations with your computer center's manager. Finally, because
of the need for a special form, the printjob may have to wait until that time of
the workday when such jobs are run.
The second most popular method relies on making electrostatic copies of
a single, clean copy produced by a high-speed printer. This has the advantages
of legibility and size reduction which make the listing easier to handle and to
house. The major drawback of this technique is the need for a special copying
machine. This problem can be solved by using a service bureau for the actual
copying process. Xerography, however, has the unfortunate property that no
significant advantage is realized for additional copies. Each copy costs about
the same, regardless of how many are made. A typical cost for xerographic
copying is about 3.8 cents per page. If we assume a listing which requires the
full ALA character set (thus having a printing speed of about 300
lines/ minute), and that foreground printing time on a computer is valued at
$45.00/hour, then for twenty-six or more copies xerography is more
economical than using four-ply paper and reprinting the list until the requisite
number of copies are made.
For large numbers of paper copies a printing press is hard to surpass for
economy, quality, and acceptability of the product. Printing plates can be
made photographically from line-printer output. Because the process is
photographic, all of the flexibilities of copy reduction which a lens can afford
are available. Costs can vary signficantly, depending on the "make ready"
steps involved and the grade of paper chosen for the final printed product.
Typical costs for such a process, in which there is no manual intervention
performed on the copy before printing, are 2 cents/ page for the first 100
copies, and .3 cents/ page for additional 100s. This compares very favorably
with xerographic copies, if only fifty copies are required.
When many copies of a large listing are required and turnaround time is
not too critical, another technique is available: phototypesetting with offset
printing. In order to use this technique, a photocomposed image of the page
must first be created. This is then used in the creation of a printing plate.
Camera-ready copy adds about $1 .00 to the cost of each page, provided that
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your own software is capable of creating a driver tape for the
photocomposition device (if not, this cost can easily be two times higher).
This seems like a significant overhead; however, dramatic reductions can be
effected in the number of pages. This has a salutary effect on the total cost of
printing, as well as creating a more compact publication more conveniently
used. We have found that the number of pages in a book-form catalog can be
reduced by a factor of nearly two by photocomposing it. The reasons are
simple: less important data can be set in a smaller type size, proportional
spacing is used for each character (that is, a lower-case letter /' requires less
space than an upper-case A/), and white space between entries can be made
less than a full line. Variability in type face and size can also be used to other
advantage. For instance, as we have already pointed out, detailed
information, which is of no value to the user scanning a page for an entry likely
to satisfy individual requirements, can be set in smaller type. The primary
sequencing element (author, title, subject) that the user is attempting to scan
very rapidly can be set in boldface type, thereby making a search through a
large number of entries on a page more efficient. Finally, important elements
(e.g., the call number) can be highlighted in italics, for example. The
principal qualitative advantage of photocomposed output is, of course, its
almost unlimited range of character sets. The full ALA character set is
generally available as a standard option. In fact, the New York Public
Library (NYPL) Research Libraries' catalog, which is photocomposed, is
produced each month with Hebrew text in the vernacular script. Hebrew
character data did not increase photocomposition price! Figure 1 shows a
page of the catalog with Hebrew text.
In addition to greater variety in character sets, photocomposition offers
the advantage of high information density. For example, a typical 12-inch
diagonal CRT screen can only display 1,920 characters. An S'/^Xl 1-inch
photocomposed page can hold 8,000 characters. Reducing this to characters
per square inch, we have twenty-seven characters/ square inch for a CRT, and
eighty-five characters/ square inch on a photocomposed page, or at least three
times the amount of information within the reader's range of vision.
With a fixed overhead for typesetting, we can expect another crossover
point. As I have pointed out, at NYPL we achieved a twofold reduction in the
number of pages in a catalog by phototypesetting it. Because of reduction, we
find that for more than 150 copies, photocomposed output is more
economical than offset printing from photoreduced line-printer copy. We can
further determine that for more than fifty-five copies, phototypesetting and
printing is more economical than xeroxing.
We can summarize the foregoing by noting the number of copies
appropriate for each of the techniques thus far discussed (see the Appendix
for detailed calculations):
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line-printer output on multi-ply paper 1-25 copies
electrostatic reproduction 26-50 copies
offset printing from line-printer output 51-150 copies
offset printing from phototypeset output 151 or more copies.
We tend to think of technological advances only in the more glamorous
technologies: greater computing speeds, greater storage densities, more
sophisticated CRT displays, etc. Nevertheless, the humble art of printing has
been quietly taking advantage of technological developments with lower
prices a result. Printing is not a single technology, but many. There are many
types of specialty printers, but for the purposes of our discussion we need only
note that a difference exists between "short-run" and large-quantity printers.
A "short-run" printer specializes in producing fewer than 1 ,000 copies of a
publication, and his equipment is chosen with this in mind. A large-quantity
printer uses presses and other equipment economical for large quantities but
generally too expensive to handle effectively the job of 200-300 copies. Let us
restrict ourselves to the short-run printer. This is generally the regime we find
ourselves interested in for library automation products. For the last four
years, the NYPL has dealt with such a printer in New York City: Multiprint
Inc. Despite increasing costs for paper and labor, they have managed to
maintain our costs at a stable level by effecting improvements in the efficiency
of their processes. In fact, on several occasions they have managed to lower
our prices without sacrificing quality. The first such decrease resulted from
their use of an electrostatic process for creating paper print plates of the same
quality as metal plates produced photographically. Paper plates have a life
expectancy of only about 2,500 copies, but this imposes no constraint on us,
for we rarely require more than 450 copies. A second price decrease was
effected when they developed a semiautomated press, which reduces to a
matter of seconds the time required for changing paper plates. The most
recent development involves mechanization of the process for creating a
matrix of pages for a printing plate for a signature. Ironically, this process
involves the use of yet another technology, which may offer the lowest price
for hard-copy output: computer output microfilm (COM). The irony lies in
the fact that by harnessing this technology, our printer has offered us such an
attractive price that we have delayed consideration of a microform catalog for
a while longer. The potential is enormous; with a single pass through the
photocomposition device we are in a position to produce both low-cost,
graphic-quality printed catalogs, and microform catalogs of similar graphic
quality. As an added bonus, our costs for the photocomposed copy will be cut
in half!
The remainder of this discussion will concern itself with COM. There are
two basic kinds of COM: (1) alphanumeric COM monospace line-printer-
like output, and (2) graphic COM typesetting-quality output. The former is
THE ECONOMICS OF COMPUTER OUTPUT MEDIA 155
lower in basic price, and requires the least amount of specialized software.
Generally, one needs only to redirect the output from a program designed to
produce a printed listing on a high-speed printer to a magnetic tape. With
modern operating systems this can be accomplished by changing only a single
JCL card. As with the rest of the universe, even alphanumericCOM comes in
many different varieties. The simplest, cheapest, and most common produces
only upper-case output. Upper-case/ lower-case capability is now commonly
available with the result that character sets are no longer a limitation.
Nonetheless, one should exercise care to insure that some of the special
characters are available such as open and close brackets to avoid
unpleasant surprises when the first batch of fiche are delivered.
In the last several years we at NYPL have, in cooperation with two
separate vendors (the first is no longer in business), developed a full ALA
character set capability for alphanumeric COM. The Library of Congress is
developing such a capability with yet a third vendor. Several other vendors
have developed greatly expanded character set capability but, to my
knowledge, no one else in the U nited States has developed support for the full
ALA set, as an alphanumeric COM option.
Thus, COM can be had, in ascending order of cost for the master copy,
with: upper-case only, upper-case/lower-case, a full ALA character set, and
graphic-art-quality typesetting. The last is produced by a photocomposition
device and thus is available with a virtually unlimited character set and a full
range of type sizes and faces. Note well, this ranking by cost represents only
the cost for the master copy. Additional copies are made by duplicating the
original film, hence the cost of copies is quite independent of the master. As
we have already pointed out, graphic-quality output can cut the number of
pages, or frames, in half; therefore, the same considerations that apply to
printed output are in effect when many copies are to be made.
Before we attempt to consider the relative costs of each type ofCOM we
should first discuss the other variables which can affect cost. COM is
available in two basic forms: microfilm and microfiche. Both are available in
various reduction ratios. In deciding between film and fiche, one must
consider the cost of the associated reader. A typical microfiche reader can be
obtained for under $160, while a comparable motorized film reader will cost
about five times as much (about $800). The basic cost for creating film and
fiche is about the same per frame. Cassette or cartridge microfilm must be
loaded into holders at a cost of about $2.00 per cassette. In the most popular
size of film 16mm only about 1,800 frames can be loaded into a cassette.
This adds about . 1 cent to the cost of each frame/ copy, which is significant in
the domain of prices associated with microforms.
Differences in reduction ratio do affect the cost of a fiche master, but
only slightly. The major effect occurs in the cost of multiple copies. There
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seem to be no real standards for microforms; therefore, depending on the
reduction ratio and the COM vendor's ingenuity and cooperation, various
numbers of frames can be placed on a single fiche. Because the cost of making
copies depends only on the number of fiche, the number of frames on a fiche
can be quite significant in determining the total cost of a complete list in
multiple copies. The 42X fiche format seems to be reasonably standardized. A
single fiche will normally hold 208 frames, one of which is reserved as an index
to the individual frames. On the other hand, 24X fiche are available in a wide
variety of grid layouts. This is probably due to the existence of both COM and
source document microforms at that reduction ratio. Source document
microforms are made by photographing a printed page, normally 8'/$ X 1 1
inches, whereas COM is generally created in the proportions of computer
printout, nominally 11X14 inches. At NYPL we have been using a 7 X 10
arrangement of frames for our 24X fiche (this means 69 frames of data plus one
frame for an index). Higher reduction ratios are also available, such as 48X
which permits 270 frames/ fiche. As you can see, by choosing the appropriate
reduction ratio, significant reductions in the cost of multiple copies can be
achieved. Furthermore, a format which reduces the number of fiche simplifies
refiling the fiche after use.
Microforms obviously cannot be read with the unaided eye, so some
simple form of indexing must be provided. In this respect microfiche are far
superior to microfilm. There are techniques for indexing microfilm, but none
are totally satisfactory. The simplest techniques rely on an odometer built
into the film reader. These are usually not very accurate, but the index can get
you close enough to permit you to scan further. Other techniques rely on
special frames placed at alphabetic breaks, with distinctive markings at fixed
positions on the frame. When the film is passed through the viewer at high
speed, the markings appear as a distinctive pattern on the screen. An index
affixed to one edge of the screen allows one to determine at a glance
approximately where he/she is in the alphabet. Probably the best technique
developed yet for public use is that provided by the Information Design and
Autographies readers. They simply have a set of gears connected to the film
transport mechanism, which are used to drive a cursor. The cursor acts much
like the pointer on an FM radio dial. In this case, instead of pointing to the
tuning frequency in response to a twist of the dial, it points to entries in a
printed index in response to the film's motion; ergo one knows where he or she
is on the film. This technique, although promising, is still subject to some
mechanical problems. It also shares the limitations of odometer indexes; they
can only specify film position to within approximately one hundred frames.
Microfiche can be indexed much more precisely, and in addition
eliminate awkward sequential searching. Time spent in moving film while
searching for the correct frame is obviously unproductive time. In addition,
most users find this quite irritating. More generally, film may be likened to a
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sequential data set, while a set of fiche are more closely analagous to a direct-
access file.
Most service bureaus producing microfiche generally employ a
preprocessor to index the fiche automatically. If the program that creates the
listing is designed to create dictionary headings on each page, or if a data
element in a specified position on the page can be used for this purpose, the
service bureau can automatically provide an index. The vendor will usually
provide two levels of index: ( 1 ) some frame of the fiche is chosen as the index
frame (it will contain the dictionary heading for each frame on the fiche with a
reference to the coordinates of that frame): and (2) a higher level index can
also be provided (this simply consists of the dictionary heading of the first
frame on the fiche in large, eye-readable characters across the top of its fiche).
When the fiche are arrayed in front of a user, he or she can select the correct
one with the unaided eye from the eye-readable heading. When that fiche is
loaded into the reader, the index frame will give the location of the desired
frame. As the reader moves the cursor to the specified coordinates, the correct
frame is displayed on the screen. This can usually be accomplished in less time
than it would take a reader to leaf through a printed volume. The fiche vendor
will also provide an additional service: each fiche will be sequentially
numbered with eye-readable characters. This greatly facilitates refiling the
fiche after use.
I regret that I cannot give you a single figure that represents the cost of
COM output, nor a simple formula which will permit you to make a choice
with some feeling of confidence. The number of parameters involved is just
too great. I can, however, discuss some of the parameters involved and the
effects of varying them. I have thus far been talking only about alphanumeric
COM. The basic costs associated with this depend on the options chosen:
(1) upper-case/ lower-case fiche, at 42X reduction prices average about two
cents/ frame; (2) full ALA character set, at 42X reduction only two vendors
currently provide this service, with respective prices of 4.5 and 9.3
cents/ frame (Figure 2 shows a portion of the character set as developed for
COM); and (3) copies of 42X fiche about 0.1 cent/ frame.
Thus, a 750-page listing produced in 100 copies with an upper-
case/ lower-case character set would cost about $1 16.60 less than the cost of
paper needed for seventeen copies! Note that four fiche are required for this
list, and that the last fiche will be only about one-half full. Nonetheless, you
would normally be charged as if they were full for both the master and for
each copy. If the same listing were produced with a full ALA character set, it
would cost about $177.00. Note that although the master is nearly five times
as expensive, the total bill is increased by only 50 percent. This is the result of a
simple fact that is easy to overlook: the cost of duplicating many copies is
more significant in determining the total price than is the cost of the master.
Let us consider one simple variation. Let the fiche be created with an
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ALA character set, at 48X. The price of the 100 sets would then be about
$150.04. This is 15 percent cheaper than if produced at42X. There are other
variations one might wish to consider. For example, without great difficulty a
vendor can provide frames proportioned according to one reduction ratio,
with characters at a lower reduction, and slightly greater space between lines.
This helps improve legibility and if accented characters are to be used, reduces
the probability that descenders or ascenders will interfere with diacritics. At
NYPL we currently produce 42X fiche with 38X characters. In order to do
this, we must limit the number of characters on a line and the number of lines
per page, which in turn increases the number of frames needed for a listing.
The net result is an increase of 36 percent in the number of frames. The effect
on our hypothetical 750-page list would be to increase the COM price from
$177.00 to $221 .25, as we would now need five fiche. Although the fractional
difference is large, the absolute difference is quite small. We have found the
increased legibility and user satisfaction to be worth the difference in price.
These calculations could be carried out ad nauseum. The important
point is that the number of options are limited only by your, and your service
bureau's imagination. At any rate, we should now have enough information
to establish another crossover point: the range of copies for which microfiche
represents the optimal medium. I shall not attempt to do this for you, as the
crossover point is too dependent on the size of the listing and its publication
frequency. The reason for this dependence is quite simple: in the price of each
frame of each copy we must include the amortization of the price of the
reader. I believe you now have enough data to do this calculation yourself.
I should like to conclude by discussing what I consider to be the most
interesting recent COM development. As I mentioned earlier, a
photocomposition device can be used to produce microfilm. Information
International Incorporated (III) manufactures and supports three of the most
sophisticated photocomposition devices: the Videocomp 800, the COMpSO,
and the FR60. All three machines are capable of producing 16mm and 35mm
film; the COMp 80 can also directly create microfiche. The NYPL has been
experimenting with 35mm Videocomp output, which can then be put through
another photographic process (developed by NCR) to create ultrafiche. This
technique is attractive in that no significant software modifications are
necessary. In fact, the only change of any magnitude involves the creation of
an indexing frame. More important, we can have access to all of the type fonts
we use in our printed book catalogs and can thus use all of the type-face and
type-size differences to convey information. We can also display non-Roman-
alphabet vernacular text; our Hebrew character font will be available on the
COM device.
Because of two physical limitations, the full benefits of photocomposed
ultrafiche cannot be derived yet: (1) reduction by a Videocomp is fixed, as is
second-stage reduction in the NCR process; and (2) a Videocomp restricts the
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frame size on microfilm output to the equivalent of a 7 X 9 inch full-size page.
We are actively seeking solutions to both of the problems. We are also
carefully following the progress being made by LC in its use of the COMpSO
family of hardware. In fact, it was LCs early attempts to produce the subject-
heading guide on a Videocomp in ultrafiche that provided the impetus for our
own explorations in this direction.
Even with the limitations just mentioned, we have determined that we
could reduce the cost of our supplements to 28 percent of our current printing
prices by producing them in photocomposed ultrafiche. This would mean
that we could capitalize 250 readers, with the expected savings realized in less
than two years. If we assume that one-fifth of all readers would have to be
replaced each year, then it would take nearly three years to capitalize the
readers and to begin deriving benefits from this technique. As I pointed out,
our printer has made our printing prices so attractive that now we can only
expect to save 53 percent by converting. This sounds like a substantial saving,
but at this rate it would take more than four years to capitalize the cost of250
readers.
The fractional savings would be roughly equivalent if we also converted
the cumulation to microform, but the absolute savings would be twice as
great. Therefore, even with our new lower printing prices, we could expect to
capitalize the new readers and replacements in approximately three years
but this is still not the complete picture. Consider again just a microform
replacement for the printed supplements. They consist of four volumes each
produced in 250 copies; in theory, we can thus provide 1 ,000 service points. It
does not seem that we would in fact need that many readers; nonetheless, we
would probably need more than 250. This factor would dramatically change
much of the foregoing arithmetic.
The nearly 40 percent reduction in printing costs has permitted us
adequate margin to await and evaluate further developments for at least
another year or two. This additional time can prove extremely valuable at this
juncture. We can simultaneously closely observe developments in CRT and
communication costs during this period. This will permit us to extrapolate
more reliably their trends before we make a large investment in microform
reading equipment. Nonetheless, it must not be forgotten that two-thirds of
the 40 percent reduction in our printing costs is directly attributable to
photocomposed microfilm.
In conclusion, developments in display technology are dramatically
altering both the economic and service potentials of automated library
systems. Microforms are providing some of the most fertile developments in
this revolution; many of these benefits can be enjoyed immediately, and
current trends promise even more exciting developments in the near future.
Decision-making, alas, is made extremely complex not because of
limitations, but rather because of a cornucopia of very attractive options.
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About the only absolute statements which can be made are: (1) the
effectiveness and viability of automated information systems are inextricably
linked to the economics of display media, and (2) recent developments
although varied and in a state of extreme flux, seem very promising.
Appendix
/. Multi-ply Paper vs. Xerox
P = cost of printing on page containing 55 lines,
@ 300 lines/ minute. @ $45.00/hr.
P = (55 X 45.00) = .1375
Cm = cost of n multi-ply copies
Cm = print time + paper
= 1 /4 (.1375 + .0365) n = .0435n
Cx = cost of n electrostatic copies
Cx = cost of print time + 1 part paper + xeroxing
Cx = .1375 + .0091 + .038n = .146 + .038n
Cm > Cx
.0435n >.146 + .038n
n > .140 = 25.4
.0055
2. Xerox vs. Offset Printing
Cx = cost of Xeroxing
Cx = .038n
Co = cost of offset printing
Cp = cost of plate + cost of copies
Cp = 1.82+ .003n
Cx > Co
.038n > 1.82 + .003n
n > 1.82
= 52
.035
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3. Offset Printingfrom Line Printer Output vs.
Offset Printingfrom Phototypeset Output
Characters on a line-printer page 57 lines X 132 characters/ line = 7524
Characters on a phototypeset page 8'/2 XII" with 3/4" margins provides 7 X 9'/$"
print area.
7 X 9'/T = 504 pts. X 684 pts.
Number of 8 pt. lines on page 684/8 = 85.5 ** 86
Number of characters/ line on the average, an 8 pt. character occupies 4 pts. horizon-
tally, therefore,
504/4 = 126 char/ line
Characters/ page = 10.836
R = page reduction
R = 7.524/10.836 = .694
Co = 1.82 + .003n
Cp = cost of offset printing from photocomposed output
Cp = (cost of photocomposition + cost of plate + cost of copies) X reduction ratio.
Cp = (1.00 + 1.82 + .003n)R = (2.82 + .003n) (.694)
= 1.96 + .002n
Co >Cp
1.82 + .0030n > 1.96 + .002 In
n > .14 = 153
.00091
